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FLUVIAL SEDIMENT IN WHITEHEAD WATERSHED AND
WHITEHEAD RESERVOIRS, NEBRASKA
April 1955 to September 1956

By J. C. Mundorff and P. R. Jordan

ABSTRACT

This report gives information on the physical char-
acteristics of Whitehead Watershed and on the char-
acteristics of the suspended sediment transported into
and discharged from the reservoirs. Selected periods
of significant runoff and outflow from April 1955 to
September 1956 are discussed.

Particle-size distribution of inflow and outflow
samples indicates that all the sand entering reservoir
1 is trapped and that most of the sand entering reser-
voir 2 is trapped.

Results of chemical analyses of water samples and
a comparison of suspended-sediment size analyses in
native water and in distilled water with dispersing a-
gent indicate that significant sediment flocculation
may occur in the reservoirs.

INTRODUCTION

The study of fluvial sediment in Whitehead Water-
shed is part of a nationwide investigation of the trap
efficiency of detention reservoirs. The Geological
Survey is cooperating with the Soil Conservation Ser-
vicein the work. Thesediment investigation in White-
head Watershed was directed by P. C. Benedict, re-
gional engineer. D. M. Culbertson, area engineer,
supervised field operations, compilation of data, and
preparation of this report,

Records of water discharge were furnished by D.
D. Lewis, district engineer. Records of precipitation
were obtained in cooperation with the U, S. Weather
Bureau.

PHYSICAL CHARACTERISTICS OF THE WATERSHED

Whitehead Watershed is in the central part of Otoe
County, Nebr, (Seefig. 1.) The watershed is part of
the dissected till plains of eastern Nebraska. The
drainage area is approximately 495 acres.

Total relief within the drainage area is about 95
feet. Slopes generally are 4 to 12 percent and range
from 100 to 800 feet in length. Figure 1 shows the
shape of the watershed and the locations of dams 1
and 2, stabilization structures, two precipitation
gages, and sediment sampling points.

Deposits of Pieistocene age mantle the watershed.
Peorianloess, oflate Pleistocene age, forms e. nearky
continuous mantle over the eastern half of the area
and is ondivide areas and upper slopes in the western

half of the area. Loess of the Loveland formation,
which underlies the Peorian loess stratigraphically
in this southeastern Nebraska area, is not exposed to
any significant extent. Kansan till, also of Pleisto-
cene age, is generally exposed on moderate to steep
slopes in the western part of the watershed. The
Kansan till, which is stratigraphically lower than the
Peorian loess and the Loveland formation, generally
is found topographically lower than these formations.
Late Pleistocene to Recent alluvium mantlestlie small,
narrow bottomland areas.

Soil development in the watershed varies mainly
with parent material, physiographic position, and
slope. Because climate and vegetation in this small
drainage basin are homogeneous, they are relatively
unimportant determinants of profile differences, Soils
developed on loess are predominant in the eastern
half of the area and grade into mainlyglacial-till soils
in the western part of the area. Slope, infiltration
rate, soil permeability, and parent material may
vary within small areas. Severe erosion has exposed
the B horizon in small areas of steeply sloping land.

A soil survey of Otoe County, Nebr., _1_/ indicates
that 61. 6 percent, or about 305 acres, of the water-
shed is occupied by soils of the Sharpsburg series,
which are developed on Peorian loess. Of the 305
acres, about 155 acres is Sharpsburg silty clay loam;
112 acres is Sharpsburg siltyclayloam, rollingphase;
and 38 acres is Sharpsburg silty clay loam, eroded
rolling phase. About 29.3 percent, or 145 acres, of
the watershed is occupied by soils of the Carrington
series, which are developed on glacial till. Of the
145 acres, about 5 acres is Carrington clay loam; 125
acres is Carrington clay loam, eroded rolling phase;
and 15 acres is Carrington loam, eroded rolling phase.
Soils of the Burchard-Carrington complex, developed
on glacial till, occupy about 2. 0 percent of the water-
shed. The Judson-Wabash complex, developed on
colluvial-alluvial material, occupies about 7.1 per-
cent of the watershed.

Figure 2 shows the relation between soils, parent
material, physiographic position, and slope in White-
head Watershed.

Most of thedrainage areais under cultivation; corn,
sorghum, oats, and wheat are the main crops. Much
of the steeply sloping land is in native grass or is
seeded to grasses and legumes, and small areas of
native grass are along the major channels. Nearly
all the minor drainageways have been seeded tograss
to prevent gully formation.

1/ U. S. Department of Agriculture, 1950, Soil

survey of Otoe County, Nebr.
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The major channels of the dendritic drainage sys-
tem have very steep or vertical banks. The main
channel leading into the northeast corner of reservoir
1 is incised 4 to 8 feet below the flood plain. Graded
or level terraces that are constructed on nearly all
the cultivated land and on some of the pastureland
have modified the natural runoff patterns on most of
the watershed.

STRUCTURES AND RESERVOIRS

Reservoir 1 (fig. 3) has a capacity of 125, 6 acre-
feet and a surface area of 13.0 acres at crest of e-
mergency spillway, elevation 1,144 feet, mean sea
level; at the top of the drop inlet, elevationl, 134 feet,
the capacity is 30. 5 acre-feet and the surface area of
the reservoir is 5.0 acres. Table 1 gives the area
and capacity of 1-foot increments of elevation for this
reservoir. Reservoir 2 (fig. 4) hasa capacity of 4. 25
acre-feet and a surface area of 1. 29 acres at crest of
emergency spillway, elevation 1,152 feet, mean sea
level; at the top of the drop inlet, elevation 1,149, 34
feet, the capacity is about 1.94acre-feet and the sur-
face area of the reservoir is about 0.6 acre. Table 2
gives the area and capacity for this reservoir.

Drainage from approximately 350 acres flows di-
rectly into reservoir 1. Channel-stabilization struc-
tures 1 and 2 exert a minor control onrunoff from
the northeast part of the watershed. Drainage from
approximately 145 acres flows into reservoir 2; out-
flow from reservoir 2 flows into reservoir 1. Drain-
age from a very small area passes through stabiliza-
tion structure 3 near the northeast corner of reser-
voir 1.

Table 1.-~-Area and capacity of reservoir 1 from
survey of March 1955

Gage height Elevation Area Capacity

(ft) (ft) (acres) (acre-ft)
-11.00 1,122 |oeeiieiiiaa, 0.5
-10. 00 1,123 1.0
-9.00 1,124 |.. ..., 2.0
-8.00 1,125 |...... 3.3
-7.00 1,126 et 5.0
-6.00 1,127 e 7.0
-5.00 R - 9.0
-4,00 1,129 ceetarraeanns 12.0
-3.00 1,130 ..., 15.0
-2.00 1,131 18.0
-1.00 1,132 3.32 22.0
0.00 1,133 4.15 26.0
1. 00 1,134 5,00 30.5
2. 00 1,135 5.90 35.5
3.00 1,136 6.85 41.5
4,00 1,137 7.89 48.1
5.00 1,138 8.90 55.6
6.00 1,139 9.98 64.0
7.00 1,140 11.00 73.6
8.00 1,141 12.20 84.4
9.00 1,142 13.50 96.7
10. 00 1,143 14,64 110.3
11,00 1,144 16. 00 125.6

Table 2.--Area and capacity of reservoir 2 from
survey of March 1955

Gage height Elevation Area Capacity
(ft) (ft) (acres) (acre-ft)
8.20 1,141.2 0 0
9.00 1,142 .03 .02

10,00 1,143 .10 . 09
11.00 1,144 .16 .22
12,00 1,145 .22 .41
13.00 1,148 .28 .83
14.00 1, 147 .34 .92
15.00 1,148 .40 1.29
16.00 1,149 . 50 1.74
17.00 1,150 .75 2.33
18.00 1,151 1,03 3.15
19.00 1,152 1.29 4,25

The deposition of sediment in reservoir 1 is af-
fected by detention dam 2 and, to a lesser degree, by
the stabilization structures. Flow regulation through
reservoir 2 is similar to that through reservoir 1 ex-
cept that the time of detention is shorter because of a
smaller reservoir capacity and a larger discharge
tube, The drop-inlet structure at reservoir 1 has a
concrete riser having a rectangular opening 30 by 24
inches, and the discharge tube has a circular opening
18 inches in diameter. The drop-inlet structure at
reservoir 2 has a metal riser 48 inches in diameter,
and the discharge tube is 36 inches in diameter. 3Sta-
bilization structures 1 and 2 have earth spillways;
stabilization structure 3 has a metal drop-inlet ar-
rangement similar to that of reservoir 2,

METHOD OF OPERATION

During the period April 1, 1955, to September 30,
1956, sediment was sampled at 14 locations in the
Whitehead Watershed., (See fig. 1.) Outflow from
reservoirs 1 and 2 was sampled at locations 1-D, 1-
U, and 2; and flow upstream from the reservoirs was
sampled at locations 3 to 13. Locations 10 to 13 were
not used before June 30, 1956,

Outflow was sampled from reservoir 2 at the
discharge-tube outlet and from reservoir 1 at the
discharge-tube outlet and at the trash rack that pro-
tects the inlet of the discharge tube. Samples were
collected at the outlets with a U. S. DH-48 sampler
(figs. 5 and 6) and at the trash rack with automatic
suspended-sediment samplers in vertical stacks on
the upstream corners of the rack (figs. 7 and8). At
reservoir 1 samples were also collected at the outlet
with a continuous suspended-sediment sampler having
the sampler intake nozzle in a fixed position inside the
discharge tube.

Inflow to the reservoirs was sampled with a U, 8.
DH-48 sampler at locations 4, 5, 6, 7, 8, 9, 10, 11,
12, and 13 and with automatic suspended-sediment
samplers at locations 3, 6, 7, and 8. The automatic
samplers were placed in the channels so ihat the ini-
tial samples were collected when the flow reached a
depth of about 0.7 foot. Automatic samplers were
generally arranged in vertical stacks so that succes-
sive samples were obtained as the stage increased.
Manual sampling at locations 5 and 9 was done by a
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Figure 10, --Reservoir gage height, accumulated rainfall, and suspended-sediment concentration, reservoir 2,

June 23-24, 1955,

10



"GG6T ‘6Z-8Z dUnL ‘T ITOAIISAI ‘UOTIRIIUIOUOD JUSWIPIS-papuddsns pue ‘ITejured PIIE[IUWINOOE ‘(MOTHNO PUBR MOTJUT) 95JBYOSTP I97eM -~ *TT 2and1q

62 3INNr _ - 82 3INNr
14 8 A 9 S 14

PR S N\ A
——] \ \

= — ~

\\lo 0——

/,
iR
|

1
/
i

L

Q
N

0002—

A ! 0001— 01—
. /
/
/
/
/

oooml_om

I
!
LY
|
I
1
\ 1
ﬁ_ |
. 1
T 7 “
., _ L4
N a |
) _. 000€—{0€
| o
! _ e,
f o
m
2
t 00003} {ov
\ B
i =
4 2+
(MO[4UI) & UOIJO20) JD UOILOLUSIICD O ,_ .m
(MO1Jur} 2 worto20y j0 vorjonuaeowo) A 4 0005 0 10§
MOJ{INO JO UOIJD4JUSIU0YD ,_ __ M
1104UI04 P3LOINUWNITY ~soeeee } “ e
—_—— \ o
S/0A43] Ul FINUIW-Gf JO _&Q\m;v& MU0 \ “ 3
MO[JUYf — —== t _" 00092 109
— -
NOILYNV1dX3 | ! r
+ ! 54
\ ! 2
i 1
1 1
T | 0002—{ 0L
1 !
vl
T
Vo
i
© 0008 —1 08
]
1
]
]
1
]
!

0000l

o]

n

SIHONI NI “1IV4NIVY J31VINWNIJY

N

‘I9YVHOSIA ¥ILVM |
2]

ANOJ3S ¥3d 1334 218nJ NI
1



‘9661 ‘T *Sny-1g AML ‘T IT0ATOSOI ‘UOTIBIFUIOUOD JUSUIPSS -Popuadsns pue ‘[[eJuTe] PoyeNINOde ‘(morpno pue moyjur) 281eyoSIp J93RM -~ °gT 2InSTg

| *Bny .Jl._ ig Ainp
2l 6 9 € 2l 6 9 €
|||||||||||||||||| - 7 0 0 o
- >
III/ \ \ . o
~ [} \ O
N / Cc
N / M
AY 1
= \ } g2 oz 1 £
o
ﬁ / £l A
=4 (w]
/ _ m _
o D| >
o >
S5 e ; os 3 —ov 222
2 ol
= |
D >1 -
MO|}}NO JO UOI}DIJUIIUOD W 2 s
1104UID4 PAIDINWNIIY = e e e e 3 m =
— SL =z 109 ¢ Z
MOJ4NQ ~= = —————— 2 z1°8
Mmojju| — Z ol m
. - cl| »n
NOILVNVYdX3 b @
3 o;
w | -n
oo_.d (o]:] ﬂ 14
m
il —
o
= m
S s21C 001,
/ Q m
Z o
o
Z
// =
/l\\ #
4 0S| ozl
S ovl

12



1200

EXPLANATION

—— — Inflow
250—1000 1 Outflow
— ——— Accumulated rainfall
1" Concentration of outflow
_ |
o
200|800 i
z =
S |2 |
w @
wn ] 1 N
@ a L
ui 17
o |0-: ’ .
bl g T\ /\\ AT~
15010 600 - -
[TH z | \./
o =
§ o l |
==
< |
= £l
a8 |z l
garﬂqfuoo—gaoo i %
=z T =z ]
z |6 |° LB
5,10 o ||
oF RN
Zg |
1 N =
@ 2—50+—200 T 4\
/
e
: /1
< | l/ l,-- _--a ---------- --————---‘
3 FioA
3 /{ AN RN
O // t N e
o0 (e] ] i A\ I S S Ebhebebeded A L S
4 12 3 6 UG lnézm 3 6 9 12
Ly A -

Figure 13. --Water discharge (inflow and ou

13

tflow), accumulated rainfall, and suspended-sediment concentration,
reservoir 1, Aug. 18, 1956,
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Figure 14, --Percentage of clay, silt, and sand in samples from Whitehead Watershed.
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Instantaneous sediment discharge: the rate at which
dry weight of sediment passes a section of a stream
or conduit at a given instant.

Percent sodium: the ratio, expressed in percentage,
of sodium to the sum of the positively charged ions
(calcium, magnesium, sodium, and potassium)--
all ions in equivalents per million.

Sodium-adsorption-ratio: aratio for soil extracts and
irrigation waters used to express therelativeactiv-
ity of sodium ions in exchange reactions with soil.
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SAR=__Na

Ca + Mg
2

The ionic concentrations are expressed in equiva-
lents per million,

Suspended-sediment concentration: the weight of dry

sediment per unit weight of water-sediment mix-
ture, expressed as parts per million,

INT.-DUP. SEC., WASH., D.C. 4,p77¢






